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2UJDQLF G\HV ZHUH VHSDUDWHG IURPZDVWHZDWHU XVLQJ VXSHUFRQGXFWLQJ EXONPDJQHWV 7ZR W\SHV RI SDUWLFOHVPDJQHWLF DFWLYDWHG
FDUERQ 0$& DQG UHDFWLYH QDQRVFDOH LURQ SDUWLFOHV 51,3 ZHUH XVHG DV PDJQHWLF VHHGV :H VHW XS D PDJQHWLF VHSDUDWRU
FRQVLVWLQJRI DQ DFU\OLF SLSH ORFDWHG EHWZHHQ WKHPDJQHWLF SROHV RI D IDFHWRIDFH VXSHUFRQGXFWLQJ EXONPDJQHW:H WHVWHG WKH









LQGXVWULHV7KHUHPRYDORIG\HIURPWH[WLOHHIIOXHQWV LVRQHRI WKHPRVWVLJQLILFDQWHQYLURQPHQWDOSUREOHPV IDFHG LQ
UHFHQW \HDUV 7KHUHIRUH PHWKRGV IRU UHPRYLQJ G\HV IURP ZDVWHZDWHU KDYH DWWUDFWHG PXFK LQWHUHVW 7UDGLWLRQDOO\
RUJDQLF G\H VHSDUDWLRQ KDV EHHQ DFKLHYHG PDLQO\ E\ SK\VLFDO±FKHPLFDO WUHDWPHQW PHWKRGV VXFK DV FRQGHQVDWLRQ
SUHFLSLWDWLRQR[LGL]DWLRQE\R]RQHDQGDGVRUSWLRQE\DFWLYDWHGFDUERQZKLFKLVDELRORJLFDOSURFHVV$OWKRXJKWKHVH
PHWKRGVSURYLGH WKRURXJK WUHDWPHQW WKH\ UHTXLUHD ORQJSURFHVVLQJ WLPHDQGDFRPSOLFDWHGSURFHVVLQJV\VWHPDQG
WKH\ DOVRJHQHUDWH ODUJH DPRXQWVRI VROLGZDVWH >@7KHUHIRUHPDJQHWLF VHSDUDWLRQ LV H[SHFWHG WREH DSSOLHG DV DQ
DOWHUQDWLYH
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JUDGLHQW DQG RSHQJUDGLHQW PDJQHWLF VHSDUDWLRQ +*06 DQG 2*06 UHVSHFWLYHO\ XVLQJ VXSHUFRQGXFWLQJ EXON
PDJQHWV
2. Experimental  
 0DWHULDOV
2UDQJH ,, DQG &U\VWDO YLROHW G\HV :DNR 3XUH &KHPLFDO &R /WG ZHUH XVHG ZLWKRXW IXUWKHU SXULILFDWLRQ DV
DGVRUEDWHV IRU WKH DGVRUSWLRQ DQG VHSDUDWLRQ WHVWV 'LVWLOOHG ZDWHU ZDV XVHG LQ WKH H[SHULPHQWDO VWXG\ 7KH
FRQFHQWUDWLRQVRIWKHG\HVROXWLRQVZHUHîíPRO/
0$& 06 (QJLQHHULQJ DQG 51,3 7RGD.RJ\R &R ZHUH XVHG DV IHUURPDJQHWLF SDUWLFOHV 0$& LV DFWLYDWHG
FDUERQFRPELQHGZLWKPDJQHWLWH>@51,3KDVDFRUHVKHOOVWUXFWXUHFRQVLVWLQJRIDQLURQR[LGHVKHOO)H2DQGDQ


















FRQILUP WKH FRQWULEXWLRQ RI HOHFWURVWDWLF LQWHUDFWLRQV WR WKH DGVRUSWLRQ RI WKH G\HV WKH 51,3±G\H VROXWLRQV ZHUH
PHDVXUHGRQO\DWS+ DQG
,Q DGGLWLRQ WKH DGVRUSWLRQ UDWLR RI WKH0$&±G\H VROXWLRQV ZDVPHDVXUHG DW S+ YDOXHV UDQJLQJ IURP  WR  7R










6HSDUDWLRQUDWLR î$LQLí$ILQ$LQL  
+HUH$LQLLVWKHDEVRUEDQFHEHIRUHVHSDUDWLRQDQG$ILQLVWKHDEVRUEDQFHDIWHUVHSDUDWLRQ
0DJQHWLFVHHGLQJDJHQW 6SHFLILFVXUIDFHPJ 0DJQHWLFVXVFHSWLELOLW\ 3DUWLFOHGLDPHWHUQP
0$&  îí 
51,3  îí 
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DOO S+YDOXHV7KH DGVRUSWLRQ WHVW UHVXOWV IRU51,3DUH VKRZQ LQ)LJ 51,3FRXOGQRW DGVRUE D ODUJH DPRXQWRI










1H[W ZH FRQVLGHU WKH LQWHUDFWLRQV EHWZHHQ PDJQHWLF SDUWLFOHV DQG RUJDQLF G\HV 7KH VXUIDFH RI D PHWDO R[LGH
K\GUDWHVWRIRUPK\GUR[\OJURXSVDQGLWHLWKHUUHFHLYHVRUHOLPLQDWHVSURWRQVFDXVLQJDFKDQJHLQS+>@,Q51,3WKH
K\GUR[\OJURXSRIPDJQHWLWHHOLPLQDWHVDSURWRQ2UDQJH,,LVGLVVRFLDWHGLQWKHVROXWLRQWRIRUPDQLRQV LQFRQWUDVW
&U\VWDOYLROHW LVDSDVVLYHO\FKDUJHGG\H DQG LVDGVRUEHGRQWR WKH VXUIDFHRI51,3E\HOHFWURVWDWLF LQWHUDFWLRQV$V
VKRZQLQ)LJ2UDQJH,,VKRZVDKLJKDGVRUSWLRQUDWLRZKHUHDV&U\VWDOYLROHWVKRZVDORZDGVRUSWLRQUDWLRDWORZHU
S+YDOXHV7KLVUHVXOWFRQILUPVWKDWWKHHOHFWURVWDWLFLQWHUDFWLRQLVDQLPSRUWDQWIDFWRULQWKHDGVRUSWLRQRIRUJDQLFG\HV
)XUWKHUPRUH 0$& KDV D KLJKO\VSHFLILF VXUIDFH DUHD EHFDXVH RI WKH KLJK DGVRUSWLRQ DELOLW\ RI LWV PLFUR DQG
PHVRSRUHV ZKLFK LV VLPLODU WR WKDW RI DFWLYDWHG FDUERQ $V VKRZQ LQ )LJ  FKDQJHV LQ S+ GR QRW LQIOXHQFH WKH







































4.  Conclusion 
7KHHIIHFWVRIPDJQHWLFVHHGLQJDQGPDJQHWLFVHSDUDWLRQLQ+*06DQG2*06XVLQJRUJDQLFG\HV2UDQJH,,DQG
&U\VWDO YLROHW ZHUH LQYHVWLJDWHG XVLQJPDJQHWLF SDUWLFOHV 0$& DQG 51,3:H FRQFOXGH WKDW RUJDQLF G\HVZHUH
VXFFHVVIXOO\ WUHDWHG E\ PDJQHWLF VHHGLQJ IROORZHG E\ PDJQHWLF VHSDUDWLRQ XVLQJ VXSHUFRQGXFWLQJ EXON PDJQHWV
0RUHRYHUWKHFRPELQDWLRQRIQRQPDJQHWLFDQGPDJQHWLFSDUWLFOHVSOD\VDQLPSRUWDQWUROHLQWKHPDJQHWLFVHSDUDWLRQ
V\VWHP7KHPDJQHWLFSDUWLFOHVDQGRUJDQLFG\HVLQWHUDFWHGE\HOHFWURVWDWLFLQWHUDFWLRQ51,3DQGSDUWLFOHFDSWXUHLQ
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